Our aim in this paper is to describe the results of treatment of acute lymphoblastic leukaemia (ALL) in Mexican children treated from 2006 to 2010 under the protocol from the Dana-Farber Cancer Institute (DFCI) 00-01. The children were younger than 16 years of age and had a diagnosis of ALL de novo. The patients were classified as standard risk if they were 1-9.9 years old and had a leucocyte count <50 × 10 9 /L, precursor B cell immunophenotype, no mediastinal mass, CSF free of blasts, and a good response to prednisone. The rest of the patients were defined as high risk. Of a total of 302 children, 51.7% were at high risk. The global survival rate was 63.9%, and the event-free survival rate was 52.3% after an average follow-up of 3.9 years. The percentages of patients who died were 7% on induction and 14.2% in complete remission; death was associated mainly with infection (21.5%). The relapse rate was 26.2%. The main factor associated with the occurrence of an event was a leucocyte count >100 × 10 9 /L. The poor outcomes were associated with toxic death during induction, complete remission, and relapse. These factors remain the main obstacles to the success of this treatment in our population.
Introduction
Acute lymphoblastic leukaemia (ALL) is the most common cancer in children and adolescents and is the most frequent cancer in Hispanic children including Mexican children [1] . In developed regions, including North America, Eastern Europe, Australia, New Zealand, and Japan, the survival after 5 years is >90% and the cure rate is 85% [2] [3] [4] [5] [6] . These results are now possible because of the implementation of clinical assays involving cooperation between countries [7] [8] [9] [10] [11] . However, in developing countries, the survival rate is low, possibly because of the lower quality of medical attention [12] . Several factors are included in the classification of risk: clinical, cytogenetic, immunological, and molecular [13] [14] [15] [16] [17] . Despite the availability of these factors for classifying risk, in several developing countries the 1993 National Cancer Institute (NCI) criteria [18] continues to be used for the classification of relapse risk. These criteria take into account Figure 1 : DCFI 00-01 therapy in paediatric patients with ALL who were younger than 16 years of age and who were treated at the paediatric haematology service of the specialist "La Raza" IMSS Medical Centre.
the age, leucocyte count, immunophenotype, and the recent response to prednisone, the latter of which has been proven as a strong predictor of response in several groups [19] [20] [21] . The Dana-Farber Cancer Institute (DFCI) ALL Consortium is a collaborative group that developed clinical assays from 1985 to 2000. The basis of the treatment is 20-30 dosages of asparaginase during intensification and frequent pulses of vincristine and steroid during maintenance. The survival rates obtained from treatments using this protocol were 82% in the 1980s and 88% in the 1990s [22, 23] .
In this paper, we report on our results obtained in a group of Mexican children with acute lymphoblastic leukaemia treated with the DFCI 00-01 protocol modified for our local conditions.
Patients and Methods

Patients.
From August 2006 to December 2010, paediatric patients with ALL who were younger than 16 years of age and who were treated at the paediatric haematology service at the Centro Médico Nacional "La Raza" IMSS were selected. Patients with a diagnosis of mature cells ALL-B mature were not included. The protocol was approved by the institutional committees, and informed consent was obtained from the parents of each patient.
Risk Groups.
The patients were stratified according to their risk as standard risk (SR) or high risk (HR). SR was defined as patients 1-9.9 years old, leucocyte count <50 × 10 9 /L, precursor B cell phenotype, absence of a mediastinal mass, spinal fluid without blastic cells, and good response to the prednisone window. HR was defined as all patients not in the SR group.
Therapy.
The treatment scheme is shown in Figure 1 . Our patients have received the treatment mentioned previously since 1998. At that time, the classification was based on age and leucocyte count. In our hospital, the immunophenotype, cytogenetic study results, and molecular biology data were not available. In this report, we include those patients who were treated under the DFCI 00-01 protocol adapted to the local conditions without a window of investigation. All patients had been treated with a prednisone window comprising 60 mg/m 2 SC for 7 days and intrathecal chemotherapy with methotrexate on day 0, and the induction to remission was 4 weeks. The anthracycline drug was daunorubicin instead of doxorubicin. CNS therapy was applied once complete haematological remission was reached. Afterwards, all patients received triple CNS intrathecal chemotherapy two times per week in four dosages adjusted according to the patient's age. The HR patients with major risk of relapse also received radiotherapy (12 Gy) In patients who exhibited an allergic reaction to E. coli asparaginase, the treatment was suspended with no other option because another form of asparaginase was not available in our service. The maintenance was for 64 weeks. Either the SR or HR group the patients had received vincristine, prednisone, 6-mercaptopurine, and methotrexate equally than the intensification, but the HR group had received prednisone to 40 mg/m 2 and intrathecal chemotherapy with triple drug every 8 weeks until the treatment was completed.
Response and Relapse
Criteria. The prednisone response was determined using the absolute count of blasts in the peripheral blood on day 8 after 7 days of prednisone and one dose of intrathecal methotrexate on day 1. A poor response to prednisone (PRP) was defined as a blast count of ≥1 × 10 9 /L, and a good response to prednisone (GRP) was defined as a blast count of <1 × 10 9 blasts. The response of the bone marrow to the induction therapy was evaluated on days 14 and 28. Complete remission was defined as <5% of blasts in bone marrow and without extramedullary disease.
Relapse was defined as an emergence of the disease with ≥25% of blasts in either bone marrow or extramedullary or both. Early death was defined as the death of a patient before evaluation of the remission stage on day 28 or 35 after the induction of remission. Event-free survival was defined as the time to the occurrence of resistance, relapse, death, or a second neoplasm. Global survival was defined as the time in months from the diagnosis to death from any cause or the last contact with the patient in the outpatient clinic or hospital.
Statistical Analysis.
Qualitative variables are presented as absolute numbers or percentages. Quantitative variables are presented as a median value, as a measure of central tendency, and as a range between the minimum and maximum values. For quantitative variables without a normal distribution, the medians were compared using the Mann-Whitney test for two independent groups. For qualitative variables, the chisquare or Fisher's exact test were used. < 0.05 was considered to indicate that the difference had a low probability of a random error. The prednisone response was evaluated using a Kaplan-Meier survival analysis and the groups were compared using the log-rank test. Confounding variables in the analysis of the prednisone response were analysed using the Cox proportional-hazard model. All analyses were performed using SPSS statistical package version 21. Two analyses of survival were performed after 3 years and 5 years of follow-up. All of the children had complete data for the 3-year follow-up, but only 158 (52.3%) had data for the 5-year follow-up.
Results
A total of 302 children met the inclusion criteria and were included during the study period. There were more boys (53.3% boys). The median age was 7 years, and most of these patients were 1-5-year-old (40.4%). Most patients (92.4%) were classified with the precursor B phenotype. The most frequent leucocyte count in these patients was <10 × 10 9 /L; the median was 10,790 × 10 9 /L. Interestingly, at the time of diagnosis, only 2.6% had CNS infiltration even though most patients (51.7%) were classified as HR.
Most of the patients had an initial good response to prednisone (80.1%) (Table 1) , and 90.4% of these patients had a complete remission. The median follow-up was 3.9 years. The frequency of early mortality was 7%, and the frequency of relapse was 26.2%. Most cases of relapse were early relapse, mainly in the bone marrow (18.2%). The global mortality was 36.1% (Table 2 ). Because all patients had completed the 3 years of follow-up, the presence of events for relapse and death was estimated for 3 and 5 years.
Three-Year Follow-Up (Tables 3, 4, and 5).
Relapse was more frequent in the boys (24.6%). However, the girls had a higher frequency of events at 42.2%. The highest relapse frequency was observed in the group aged 5.1-9.9 years (25.8%), who experienced a high frequency of events (47%). The age group with the highest mortality was the group aged >10 years (36.3%; RR 1.70, 95% CI 1.0-2.8).
The patients with the T cell immunophenotype had the highest frequency of death (47.8%; RR 2.1, 95% CI 1.1-4.1).
The SR patients had higher frequencies of relapse (25.3%) and events (42.5%). Most relapses (28.3%) occurred in patients with a leucocyte count >100 × 10 9 /L. This group of patients also had the highest frequency of events (50%; RR 1.84, 95% CI 1.0-3.3). However, 37.5% of the patients who died had a range of leucocyte count of 10-20 × 10 9 /L.
Five-Year Follow-Up.
Boys had a higher frequency of relapse (30.5%), but there was no difference between boys and girls for the frequency of events. The frequency of death was 38.5% in the girls (RR 1.41; 95% CI 1.0-2.1). The highest frequency of relapse was in the group age >10 years (75.2%) and this group had the highest frequency of events (58.7%).
The highest frequency of relapse was observed in patients with leukaemia of B cell lineage (26.9%). The mortality rate was highest in patients with T cell leukaemia (52.2%; RR 1.93, 95% CI 1.0-3.7).
The SR group had a higher frequency of relapse (30.1%) and higher frequency of events (47.9%). The highest frequency of relapse was observed in the group with a leucocyte count >100 × 10 9 /L (30.4%). This group also had the highest frequency of events (58.7%; RR 2.02, 95% CI 1.2-3.5) and highest mortality (45.7%; RR 1.86, 95% CI 1.0-3.7).
The factor that was most strongly associated with the occurrence of events at the 5-year follow-up was a leucocyte count >100 × 10 9 /L. Leucocyte count and the T cell immunophenotype were also associated with a higher risk of mortality at 5 years.
Of the 302 patients, 21 (7%) died during induction to remission (IR) and 43 (14.2%) died during complete remission. The causes of death were sepsis (65, 21.5%), haemorrhage (9, 8.7%), pneumonia (7, 6 .7%), and typhlitis (4, 3.8%). The global mortality was of 36.1%, and 13 (12.5%) died in leukaemic activity. Toxicity associated with asparaginase was observed in 29% of all patients. The most common toxicity was an allergic reaction in 19%, pancreatitis in 7%, thrombosis in 3%, and only one involving the CNS. All of these reactions led to a definitive suspension of the drug.
Discussion
In our patient population, which was treated using the DFCI 00-01 protocol, after a median follow-up of 3.9 years, the global survival and event-free survival rates were lower than those obtained from the DFCI Consortium reports in a 5-year follow-up (63.9% and 52.3% versus 90% and 81%, resp., for the group treated with prednisone). There were other differences between our patients and those reported by other groups. For example, in our study, most patients were in the HR group [7] [8] [9] [10] [11] , which may have influenced our results. The high mortality rate during induction (7%) may be associated with the delayed arrival of the patient at our hospital, bad conditions, tumour load, malnutrition, presence of infection, or toxicity of the treatment [24] . Our results are similar to those reported previously by another centre in Mexico [25] and by a multicentre study in Central America (AHOPCA and Pacheco et al.) [26, 27] , which reported mortality rates of 3% and 7% during IR. In our study, 80.1% showed a prednisone good response (PGR), whereas >90% of patients showed a PGR in two other studies (8, 29) . To our knowledge, no studies have reported on a diminished response to steroid in the Hispanic population.
Other factors were hyperleukocytosis (15.2%), which has been reported previously. When the leucocyte count is >200 × 10 9 /L [28, 29] , the toxicity of the treatment is associated with a high percentage of deaths during complete remission (14.2%) and with the presence of an infectious disease leading to septic shock (21.5%).
A higher frequency of relapse (26.2%) was observed in our patients compared with other studies [22, 23, 29] . The factors associated with relapse at the 3-and 5-year follow-ups BioMed Research International 5 in our population were gender (male), age (5.1-9.9 years), B cell lineage, leucocyte count (>100 × 10 9 /L), and SR. By contrast, there was a protective effect in the HR group (RR 0.83, 95% CI 0.5-1.4). This finding suggests that determining the risk group using the NCI criteria may be imprecise and that the correct classification of risk is needed for the proper application of therapy to increase the chance that the patient can remain free of events. If precise data are not available (i.e., cytogenetic or molecular biology), a third classification of intermediate risk, as noted previously [5] , may be needed. This third classification is based on minimal residual disease (MRD), determined by polymerase chain reaction (PCR) at two times, which redefines all prognostic factors. Attarbaschi et al. [30] showed that only the MRD was reliable enough to discriminate the SR and HR of relapse in a group of patients with ALL of the precursor B cell phenotype ( = 0.02).
In our population, most of the relapses occurred early and were most frequent in bone marrow (18.2%). Studies of MRD have shown that the leukaemic cells found during relapse originate from residual cells and are resistant to chemotherapy [31] [32] [33] , as was observed in our results (i.e., a high percentage of deaths (12.5%) were associated with leukaemic activity). Other factors that could have influenced the relapse rate in our study were the use of methotrexate (4 g/m
2 ) in a 1 h infusion followed by generous doses of leucovorin, because the levels of monitoring were not available. Mikkelsen et al. [34] reported that shortening the time of infusion of methotrexate reduced the accumulation of active methotrexate in the leukaemic cells and therefore the antileukaemic effect is reduced. Skärby et al. [35] reported that high doses of leucovorin during the treatment with high doses of methotrexate reduced the average cure rate in children with ALL.
The rate of isolated CNS relapse was low (2.6%) and was associated with the intensive use of directed therapy to the CNS (3 IT in IR, 4 in the 2 weeks of the therapy directed to the CNS in a total of 12 until the 24 months of treatment were completed, joined to radiotherapy in the patients with HR) and the systemic chemotherapy, as was proven in clinical assays in the groups of leukaemia: CCG [7] , BFM [8] , and St. Jude [9] . These studies have shown that if additional therapy is directed to the CNS early, it is possible to replace radiotherapy, which may be reserved only for those patients with a higher risk of relapse or with CNS3 status, because of its secondary effects, which have been observed in long-term survivors of ALL after either chemotherapy or radiotherapy [36] [37] [38] .
The factors more strongly associated were ages <1 year and >10 years, leucocyte count >100 × 10 9 /L, and T cell phenotype. These factors have also been identified previously as indicators of poor prognosis [23, 28, 29, [39] [40] [41] . In our study, the factor most strongly associated with the occurrence of events was a leucocyte count >100 × 10 9 /L. We used this criterion to classify our patients as very high risk and then treated them with more intensive chemotherapy. Our poor results were associated with toxic death during induction, complete remission during treatment, and relapse. Toxicity remains as a main obstacle to the success of treatment of our population.
Our results are similar to those reported from other Central American countries (Nicaragua, Costa Rica, El Salvador, Honduras, and Panama) by the AHOPCA ALL 2008 study [26] , in which the treatment was based on local regimens adapted from the BFM group to the local situation. We now have two projects underway to reduce the frequency of toxicity in children with ALL, especially in malnourished children.
Several groups have observed that the results of the treatment of children with ALL depend on the biological diversity of the leukaemic cells, the multidrug treatment scheme, and individual variability in the metabolism of the drugs. However, in developing countries, socioeconomic status is also a strong predictor that is independent of the relapse and mortality associated with the treatment [42, 43] . In Mexico, this can be an important factor because most of our patients live far from the treatment centres, which causes delays in the timely management of their disease. Bhatia et al. [44] showed that the lack of adherence to mercaptopurine increased the risk of relapse in Hispanic patients compared with nonHispanics. Recently, polymorphisms such as ARID5B have been associated with a higher incidence of ALL and greater risk of relapse in Hispanic patients, a finding that may explain the higher incidence and worse results in Hispanic patients [45, 46] . Additionally, there arrangement of CRLF2 associated with mutations in JAK and alterations in IKZF1 in Hispanics may be responsible for the poor response of ALL of B cell lineage [47] .
To improve our results, we decided that, during the induction phase, methotrexate should be given at a dose of 1 g/m 2 infused for 24 h instead of 4 g/m 2 infused for 1 h, and we then changed the dose of leucovorin to 25 mg/m 2 SC to 48 and 52 h. And the next dosage should be given according to the level of methotrexate. To improve the stratification of risk, we suggest redefining the risk groups by introducing an intermediate risk group, another HR group, and a very HR group. We also recommend promoting the implementation of reference centres for the cytogenetic and molecular diagnosis of MRD and the formation of national cooperative groups linked to international groups.
We consider that protocol DFCI 00-01 is an excellent of chemotherapy scheme. With the exception of induction, all of the treatments can be applied to outpatients, which will decrease the cost. However, the disadvantage for lowor middle-income countries such as Mexico is the lack of alternatives for asparaginase, which could contribute to the relapse observed in some patients when asparaginase is suspended.
